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DObjectives: We sought to evaluate the effects of the reimplantation type versus the remodeling type of aortic
valve–sparing technique on the geometry of the same aortic root.
Methods: Fifteen fresh isolated porcine hearts with normal aortic valves and a standard aortoventricular junc-
tion size of 23 mm were processed. An aortic valve–sparing replacement was performed by reimplanting the
native aortic root inside a 28-mm Valsalva graft (Vascutek Ltd, Renfrewshire, UK). Hearts were subsequently
implanted with instruments in a test circuit, and the aortic roots were pressurized at a fixed pressure of 100
mm Hg. Diameters of the aortoventricular junction, of the sinuses, and of the sinotubular junction, as well as
effective height and coaptation height of aortic valve leaflets, were measured by echography. Transition from
the reimplantation to the remodeling configuration was then achieved by longitudinally cutting the skirt of
the graft from the annulus to the top of each commissure. The same measurements were then repeated.
Results: After transition from the reimplantation to the remodeling configuration, significant increases in the
sizes of the aortoventricular junction and of the sinuses were observed. Effective height and coaptation height
significantly decreased, and the rounded cross-sectional profile of the aortic valve leaflets flattened.
Conclusions: In the same aortic root, transition from the reimplantation to the remodeling configuration of aor-
tic valve–sparing surgery results in a significant increase in aortic root sizes and in a significant reduction of
effective height and coaptation height, suggesting a less satisfactory result. (J Thorac Cardiovasc Surg
2014;147:615-8)Aortic valve–sparing procedures (AVSPs) were designed to
treat patients presenting with an aneurysm of the aortic root
and normal aortic valve leaflets. These procedures consist
of removing the ascending aorta and sinuses of Valsalva, de-
taching the coronary buttons, and then using a tubular graft
to replace the root. In the remodeling type of repair,1 the na-
tive aortic valve remnants are sutured to a properly tailored
graft that reproduces, with 3 tongues, the excised sinuses. In
the reimplantation type of repair,2 the valve remnants are
sutured inside an untailored tubular graft.
It has been shown that the remodeling technique better
reproduces the physiology of the aortic root,3 whereas the
reimplantation technique presents a better long-term
freedom from recurrent aortic regurgitation (AR).4,5
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The Journal of Thoracic and Cain the clinical setting, making an objective clinical
comparison of the two techniques difficult. Any clinical
comparison of the configurations in the same aortic root is
of course impossible for ethical reasons.
We recently described a surgical technique6 that allows
switching from the reimplantation to the remodeling type
of AVSP. We used this technique in our study to eliminate
the bias of different initial anatomic conditions and to deter-
mine effects of the two procedures on the geometry of the
same aortic root.
MATERIALS AND METHODS
Porcine hearts procured from the local slaughterhouse were preserved
with ice, transferred to our laboratory, and processed within 4 hours. Fif-
teen hearts were selected, each with normal aortic valve leaflets and
a 23-mm aortoventricular junction (AVJ). An experienced surgeon
(D.M.) then performed an aortic valve reimplantation procedure with
a 28-mm Valsalva graft (Vascutek Ltd, Renfrewshire, UK). A 28-mm Val-
salva graft has, by design, an annular diameter of 28 mm, a maximal sinus
diameter of 35 mm, and a sinotubular junction diameter of 28 mm. The
commissures were first fixed to the junction of the graft with U-shaped
4-0 polypropylene sutures, then the sinus remnants were sutured to neosi-
nuses with a 6-0 polypropylene suture. To allow subsequent independent
expansion of the sinuses and unrestricted motion of the AVJ, sutures
were not applied on the AVJ or below the commissures.
The heart was then immersed in a saline bath at a constant temperature
of 37C and mounted in the test circuit. A centrifugal pump–driven (Bio-
Medicus; Medtronic, Inc, Minneapolis, Minn) perfusion circuit (Carmeda
Bioactive Surface; Medtronic) was primed with saline solution, and itsrdiovascular Surgery c Volume 147, Number 2 615
Abbreviations and Acronyms
AR ¼ aortic regurgitation
AVSP ¼ aortic valve–sparing procedure
Acquired Cardiovascular Disease Maselli et al
A
C
Darterial branch was joined to the Valsalva graft with a properly designed
connector. A pressure monitoring set (Truware PX-600; Edwards Life-
sciences Corporation, Irvine, Calif) connected to a display (Hewlett-Pack-
ard Viridia 24 C; Hewlett-Packard Company, B€oblingen, Germany) was
used for continuous aortic root pressure monitoring. Roots were perfused
to reach a constant internal graft pressure of 100 to 110 mm Hg. Saline so-
lution recirculation through the circuit was ensured by the porosity of the
graft and obtained by connecting the venous branch of the perfusion circuit
to the basin.
Long-axis views of the aortic root were acquired with an ie33 Philips
imaging system. (Philips Medical Systems, Bothell, Wash). A line traced
in the middle of the right sinus of Valsalva of the graft was selected as ref-
erence point for ultrasonographic measurements, and a mechanical arm
was used to keep a fixed position of the probe. Diameters of the AVJ, of
the sinuses, and of the sinotubular junction and the effective height and co-
aptation height of the aortic valve leaflets were measured. The diameter of
the AVJ was measured at the hinge point of aortic valve leaflets, and the
maximal sinus diameter and the sinotubular junction diameter were mea-
sured from the trailing edge to the leading edge. Coaptation height was de-
fined as the length of diastolic contact between aortic valve leaflets, and
effective height was defined as the distance between the aortic annular
plane and the aortic valve leaflet’s superior edge plane. The amount of
AR was assessed semiquantitatively by direct inspection of the left ventric-
ular outflow tract.
After measurements of the reimplantation configuration were obtained
(Figure 1), 3 longitudinal cuts were made in the skirt of the graft, starting
at the annulus and reaching the top of each of the commissures, to allow
independent expansion of the sinuses and unrestricted motion of the an-
nulus (Figure 2). Measures of the remodeling configuration (Figure 3)
were then acquired. The IBM SPSS statistical package (version 16.0;
IBM Corporation, Armonk, NY) was used to perform statistical analysis.
All descriptive statistics are reported as mean  SD. For inferential cal-
culations, 2-tailed Student t tests for paired samples have been used as
appropriate.RESULTS
Thirty hearts were processed to obtain 15 samples with
normal leaflets and a standard AVJ size of 23 mm. All 15
samples had successful placement of instruments in the
test circuit and were analyzed. Once a steady pressure of
the root was obtained, it was easily maintained by keeping
a constant flow of the pump. Transition from the reimplan-
tation to the remodeling configuration resulted in significant
increases in the size of the AVJ and of the sinuses of Val-
salva and in significant reductions in effective height and
coaptation height of the aortic valve leaflets (Table 1).
Loss of support at the annular and commissural level re-
sulted in significant lowering of the level and the amount
of coaptation between aortic valve leaflets, with a conse-
quent flattening of the leaflet’s profile (Figure 3). Diastolic
aortic valve function was not affected by changes in aortic
root geometry. None of the aortic roots tested had indeed616 The Journal of Thoracic and Cardiovascular Surgany degree of AR in either the reimplantation or the remod-
eling configuration.
DISCUSSION
AVSPs are increasingly being applied to patients with aor-
tic root aneurysm, mainly because preservation of the native
aortic valve eliminates the need for anticoagulation and the
risk of reoperation because of structural biologic valve dete-
rioration.AVSPs, especially if associatedwith reconstruction
of the sinuses of Valsalva,7 reestablish a normal geometry
and nearly normal functional behavior of the aortic root.3
Most of the advantages of AVSPs are lost if an unexpected
reoperation is needed because of the appearance of AR during
the follow-up. Possible determinants ofpostoperativeARafter
AVSPs have been thoroughly investigated, leading to contro-
versial conclusions. Some authors have suggested avoiding re-
modeling procedures in children,8 in patients affected by
connective tissue disorders,9 in patients with excessive dilata-
tion of the AVJ,4 and in patients with aortic dissection.10 It is
noteworthy that a recent article analyzing a vast cohort of pa-
tients11 identified the only risk factors for reoperation as a pre-
operative AVJ size exceeding 28 mm and a postoperative
effective height of the aortic cusps of less than 9 mm.
Comparisons between remodeling and reimplantation
types of AVSP are based essentially on inferences derived
from clinical data obtained in heterogeneous populations.
In vitro studies, used to analyze the functional properties
of both configurations, reported better aortic leaflet dynam-
ics with the remodeling procedure relative to the David I re-
implantation.12 To the best of our knowledge, a comparison
of these procedure types on the same anatomic substrate has
never been reported. Our data suggest that, given a common
anatomic substrate, geometry of the aortic root is signifi-
cantly different in the reimplantation and remodeling con-
figurations of AVSP. By supporting the aortic root from
the outside, the reimplantation configuration allowed for
a higher effective height and a larger surface of coaptation.
Loss of the external support in the remodeling configuration
resulted in marked increases in the root diameters and in de-
creases in both effective height and coaptation height. En-
largement of the root and reduction of the coapting
surface determines an increase in the diastolic stress on
the aortic valve leaflets and a consequent increase in the
risk of AR.13 Our findings are in line with those recently re-
ported by Marom and colleagues14 with a computational
model of the aortic root. They were able to demonstrate
that increased aortic annular dimensions are associated
with reductions both in effective height and in coaptation
height of the aortic valve leaflets and possibly with an in-
crease in mechanical stress.
An important difference was observed in the morphology
of the aortic leaflet cross-sectional contour in our samples.
In the reimplantation configuration, the leaflets exhibited
a rounded, semicircular contour, whereas they hadery c February 2014
FIGURE 1. Long-axis echocardiographic view of the aortic root in the re-
implantation configuration. Note the rounded cross-sectional profile and
the high effective height and coaptation height of the aortic valve leaflets.
FIGURE 3. Long-axis echocardiographic view of the aortic root in the re-
modeling configuration. Note the flat and squared cross-sectional profile
and the lower effective height and coaptation height of the aortic valve
leaflets.
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leading one to anticipate less favorable behavior of the aor-
tic leaflets. Previous clinical experiences have documented
the importance of the effective height and of the morphol-
ogy of the aortic root in predicting late occurrence of AR
after an AVSP even if a perfect result has been achieved
in terms of immediate postoperative AR.15 The amount of
AR was negligible in both configurations in our series, con-
firming that absence of AR may be observed even if a less
than ideal reconstruction is performed.Limitations of the Study
Normal porcine aortic roots may not reflect the condition
of diseased human aortic roots, and this discrepancy has toFIGURE 2. Transition from the reimplantation to the remodeling config-
uration was achieved by cutting the graft from the base to the top of each
commissure. Because annular sutures were not used, the 3 cuts determined
an unrestricted motion of the aortoventricular junction and an independent
expansion of the sinuses.
The Journal of Thoracic and Cabe taken into account when evaluating our results. Because
the reimplantation configuration that we used in the study
lacks annular sutures, is a close approximation to the com-
monly used surgical reimplantation procedure; however, it
may not completely reflect the clinical situation. We relied
on the presence of prosthetic tissue surrounding the native
annulus to achievemechanical support against its dilatation.
The method that we used to convert reimplantation to re-
modeling does leave a certain amount of prosthetic tissue
around subcoronary sutures that is not observed in common
remodeling procedures. On the other hand, the suture of the
Dacron polyester fabric graft was at the level of the fibrous
attachments of the leaflet, thus correctly mimicking the re-
modeling operation.
Static models obtained by pressurizing the aortic root
may not simulate diastolic function of the aortic valve
so closely as dynamic models; however, they do reflect
the worst-case scenario given by maximal passive disten-
tion. In fact, because the left ventricle was not pressur-
ized in this model, the pressure gradient across the
aortic valve leaflets was much higher in our samples
than in nature. This limitation, however, should apply
to comparisons with the real world, not to comparisons
between the techniques. Because both configurationsTABLE 1. Valve dimensions with both techniques
Parameter REI REM P value
Annulus diameter 21  0.4 22  0.2 <.001
Sinuses diameter 28  0.2 31  0.2 <.001
STJ diameter 23  0.20 23  0.3 NS
Coaptation height 10  0.1 7  0.1 <.001
Effective height 14  0.2 11  0.8 <.001
Values are mean  SD in millimeters. NS, Not significant; REI, reimplantation;
REM, remodeling; STJ, sinotubular junction.
rdiovascular Surgery c Volume 147, Number 2 617
Acquired Cardiovascular Disease Maselli et al
A
C
Dwere tested under the same loading conditions, a compar-
ison bias was avoided.
A control group with pressurized, untreated native por-
cine roots was not included because standard measurements
of porcine roots are readily available in the literature.
CONCLUSIONS
In conclusion, our study demonstrates that, in the same
aortic root, the remodeling type of AVSP always determines
lower effective and coaptation heights of the aortic valve
leaflet than does reimplantation. Whether this results in
a different stress and in a higher risk of recurrent AR in
the same aortic root has yet to be demonstrated by further
studies.
We thank Giancarlo Mazzei, head perfusionist of our group, for
valuable support in setting up the perfusion circuit and performing
all experiments.
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